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THEORY orTue EARTH,

ARTICLE XVIL
Of Vileans's and Ear

HE bowels of thofe burning mountains
called Volcand's contain fulphur, bitumen

and other inflammable materials, the effets of
\-b are more violent than thofe of thunder

or of gun-powder; and they have, in all ages,

aftonifhed mankind, and defolated the earth, t{

voleano is an immenfe cannon, wich an aperture

¢ in circumference.

3 vaft mouth are projected torrents of

{moke and of flames, rivers of bitumen, of ful-
phur, and of melted metals, clouds of afhes and
ftones; and fometimes it e s, to the diftance
of feveral leagues, rocks fo cnormous, that they
could not be moved by any combination of hu-

man
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man force. The conflagration is fo dreadful,
and the quantities of burning, calcined, melted,
and vitrified fubftances thrown out by the moun=
tain, are fo great, that they bury whole towns
and_ forefts, cover the plains to. the thicknefs
of a hundred or two hundred feet, and fome-
times form hills and mountains, which are only
portions of thefe matters heaped up and com=
pacted into one mafs. The ation of the firc and
the force of the explofions are fo violent, that
they produce by reaction, fuccuffions, which

the carth, agitate the fea, overturn moun=
and deftroy towns and buildings of the
moft folid materials.

Thefe cffects, though natural, have been re-
garded as prodigies and, though we often be-
hold, in miniature, cffects fimilar to thofe of vol-
cano’s ; yet grandeur, from whatever fource it
proceeds, has fuch an aftonifhing influence upon
the imagination, that it is not furprifing they
fhould have been confidered by fome authors as
vents toa central fire, and, by the vulgar, as
mouths of hell. ARonifhment produces fear,
and fear is the fource of fuperftition. The in-
habitants of Iceland believe that the groanings
of their volcano are the cries of the damned,
and that its eruptions are occafioned by the de-
fperation and ungovernable fury of devils and
tormented fpiris.

All thefe phnomena, however, are only the
effedts of firc and of fmcke. In the bowels of

‘mountains,
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mountains, there are veins of fulphur, bitumen
and other inflammable fubftances, together with
vaft quantities of pyrites, which ferment when
expofed to the air or moifture, and produce
explofions proportioned to the quantity of in-
flammable matter. This is the true idea ofa
voleano; and it s eafy for the naturaliftto i
tate the operation of thefe fubterrancous fires,
A mixture of folphur, of fiings of iron, and of
water, buried at a certain depth below the
ground, will exhibit, in miniature, all the ap-
pearances of a volcano: This mixture foon fer-
ments to a degree of inflammation, throws off
the earth and flones which cover it, and produc
explofions every way fimilar to thofe of bura-
ing mountains

The moft famous volcano's in Europe are
thofe of Mount tna in Sicily, of Mount Hecla
in Iceland, and of Mount Vefuvius, near Naples
in Taly. The burning of Mount tna is more

ancient than the records of hiftory. Its erup-

tions are extremely vio nd the quantity
of matter it throws out is fo enormous, that, af-
ging 68 feet deep, marble pavements, and
other veftiges of an ancient city, have been
found covered with this amazing load of cjected
matter, in the fame manner as the town of Her-
culaneum has been buried with the matter thrown
out from Mount Vefuvius. New mouths, or

eraters, were opened in /Etna in the years 165
69, and at other times. The finoke and

-
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flames of this volcano are fecn as far as Malta,
a diftance of 6olcagues : It fends forth a perpe-
tual fmoke, and, at particular times, it throws
out, with aftonifhing violence, flames, lava,
huge fones, and matter of every kind.  An
cruption of this voleano, in the year 1537, pro-
duced an carthquake over the whole ifland of
Sicily, which lafted 12 days, and overthrew an
immenfe number of houfes and public buildings.
It terminated by the burfting of a new mouth,
the lava of which burnt up every thing within
five leagues of the mountain. It difcharged
afhes fo abundantly, and with fach force, that
they reached the coalt of Traly, and incommoded
veffels at great diftances from the ifland. This
volcano has, at prefent, two principal craters,
one of which is narroser than the other. They
both fmoke perpetually; but flames only appear
during the time of eruptions. Large ftones, itis

faid, have been projedted from them to the dif-
tance of 60,000 paces.

A violent eruption, in 1683, produced a

ceadful carthquake in Sicily. Tt laid the whole

nea in ruins, and deftroyed more than

its inhabitants, befide thofe who

a the neighbouring towns and villages.

1 its fires through the fnows and

“ice of a frozen climate. Its eruptions, how-

ever, are equally violent with thofe of Atna,

and other volcand’s in the more fouthern regions.

1t throws out afhes, lava, pumice-ftones, and

6 fometimes
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fometimes boiling water. * The whole ifland of

Teeland abounds in fulphur ; butit is not habit.

able within lefs than fix leagues of

The hiftory of its moft violent eruptions is re.

corded in a book written by Dithnar Blefiten,
According to hiftorians, the burning of Mount

iits began not before the feventh confulate
Vefpafian and Flavius Domitian. - The
otain then opened, and at fit

e

were fuc-

ich burnt up.

, and volumes of fmoke

to darken the light of the fun. The

elder Pliny, fimulated by curiofity, approached

fleams*. Dion Caffius relates,

that this eruption was fo violent, that afhes and

fulphureous fleams were tranfported as far as
Rome, and acrofs the Mediterranean into Afr

and Egypt. Heraclea was one of the eitics that

erwhelmed by the matter cjected from

the mountain: It has lately been difcovered 6o

feet under the furface of the ground, which, in

the courfe of time, had become arable, and fit

for every kind of culture. The hiftory of the

difcovery of Heraclea is in the hands of the

ic. We have only to with, that fome perfon

led in the knowledge of nature, would exa~

h attention the different materials which

compofe thefe 6o feet of carth, and remark their

* Sce Pliny the Younger’s Letter to Tacitu:
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fituation, the alterations they have undergone,
the direétion they have followed, the hardnefs
they have acquired, &c.
Naples appears to be fituated upon a vault,
filled with burning minerals; for Vefuvius and
olfatara feem to have fubterraneous communi-
cations. When Vefuvius throws out lava, Sol~
fatara emits flames; and, when the eruptions of
the former ceale, the burning of the latter is
likewife extinguifhed. The city of Naples is
nearly in the centre between them ;
One of the laft and moft dreadful eruptions
ened in the year 1737% The
from fe ! mout!
ninated in the fe
egre, who communicated thi
Academy of Sciences, obler
horror, one of thefe rivers of fire, which,
its fource to the fea, wasabout 7 milesin length,
50 or Go paces broad, from 25 to 30 palms
deep, and in the valleys 120 palms. The ru
‘matter refembled foam, or the drofs which iffues
from a furnace f, Scc.

In Afia, and particularly in the iflands of the
Indian ocean, volcano's are numerous. One of
the moft famous is Mount Albours, near Mount
Taurus, about 8 leagues from Herat. The top

* This volume was publified in the year 174, Several

sptions have happened fiace that time. Sce Hamilton's H

of
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of this mountain fends forth a perpetual fmoke;
and it frequently throws out flames and burning
matter, in fuch quantities as to cover all the ad-
¢ plains with afhes.  In the ifland of Ter-
nate, there is a volcano which difch
fimilar to pumice-ftones.
lege, that dhis voleano is moft furious during
the equinoses, beca ods are attended
withycertain windg whichineseafe the.inflam
mation of thofe fires that have continued to
burn for ages®. The ifland of Ternate is not

the top of a
es from the coaft

and, where the volcano

t itis difficult to

1d the weather fine,
1 during florms
ion of what
ms to prove, that
s proceed froma
th, but from the top or higher parts of the
mountain; for, if it were otherwife, high winds
could not increafe the violence of the flam
Luvu’hhl\\u' ano’s J\»\(‘A'~‘( H(L'l”ﬂ d
of the ifl

3y

the effeéts of which are equall;

lly violeut as thofe

of
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of the mountain' at Ternate. The ifland of
Sofca, one of the Moluccas, was formerly inha=
In the middle of this ifland there isa

bited.
izh mountain, with a volcano at its fum=

very b
fnit, In 1693, this voleano difcharged an im=
menfe quantity of bitumen, and inflamed mat-
ter, which, after forming a burning lake, gradu=
lly extended till it covered the whole ifland ®.

There are feveral volcano’s in Japan, and the
adjacent iflands, which fend out flames in the
night, and fimoke in the day. In the Phil

:; there are likewife feveral burning
tains. Onc of the moft remarkable, and, at the
fame time, the moft recent volcano in the Indi
s that near the town of Penarucanin the

..x'\d(H. a. It commenced in the year 1586,
and, at the firft cruption, it threw out immenfe
quantitie phur, bitumen, and flones,  The
fame year, Mount Gounapi, in the ifland of
Banda, which had been a voleano about 17
years only, op jected, with a dreadful
hoife, rocks and matt very kind. There
are fiill other voleano's in India, as in Sumatra,
and in the north of Afia, beyond the river Je-
nifcea, and the river Pefida: But the two laft
are little known.

Near Fez in Aftica, there is a mountain, or
rather a cavern, called Beni-guazeval, whi
conftantly  throws e, and fometi

flame,
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the ifland of Fusgo, is nothing but a huge
mountain which burns inceflantly.  This vol-
cano throws out ftones and afhes ; and the Por-
tuguele, who often attempted to inhabit the
illand, have always abandoned the projedt, on
account of the volcano. The Peak of Tenerif,
which is reckoned one of the higheft mountaing
in the world, throws out fire, afhes, and large
fones.  From the top of it, rivulets of melted
fulphur run down the fouth fide acrofs the fnows,
This fulphus foon conden(es, and forms veins in
the fnow, which are diftinguifhable at great d
tances.
America, and particularly the mountains of
fexico and Peru, are much infefted with vol-
cano’s: ‘That of Arequipa is onc of the moft ce-
Iebrated : It often produces great earthquakes,
which are more frequent in Peru than in any
ry of the world. Next to Arequipa, the
ppa and Malahallo are, accord-

fiderable. But there ny others in the

new world of which we have no knowledge.

M. Bouguer, in his voyage to Peru, publifhed in
the Memoirs of the Academy for the year 1744,
mentions two volcano’s, the one called z,,n,,»,,
and the other Pichincha. The firft is at fome
diftance from, and the other very near, the town
of Quito. In the year 1742, he faw an erup-
tion of Cotopaxi, which, at that time, burlt
open a new mouth in the mountain, It did no

T other
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other damage than that of melting the fnow,
and producing fuch torrents, as, in three hours,
lid the whole country, to the extent of 18
leagues, under water, and overturned every
thing in their courfe.

Popochampeche and Popocatapee are  the

It was near this laft
that Cortes paffed in his way to the city of
ome of the Spaniards afcended to the
top of the mountain, where they found the cra-
ter to be about half a league in circumference.
Sulphureous mountains have alfo been found in
Guadaloupe, Tercera, and in others of the Azore
iflands 3 and, if all the mountains from which
fmoke or flames iffue were to be confidered as
voleano’s, their number would exceed Go.  We
have only mentioned thofe which are fo formi-
dable as, by their frequent eruptions, to prevent
people from living near them.

The numerous volcano’s in the Cordeliers,
as T formerly remarked, produce almoft perpe-
tual earthquakes, which prevent the inhabitants
rom building with flone any higher than the
firft floor; and the upper parts of their houfes,
for the fame reafon, are conflructed with rufhes

light wood. In thefe mountains there

alfo many precipices and large gulfs, the

walls of which are black and burnt: They are

fimilar to the precipice of Mount Ararat in Ar-

menia, called the by, and are the craters of
extinguifhed volcano's

VOL. 1. D Alate
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A late earthquake at Lima was attended with
the moft dreadfil effedts. The town of Lima,
and the port of Callao, were almoft entirely
fwallowed up. But the mifchief was ftill more
terrible at Callio. The fea rofe and covered
every houfe in that unfortunate town, and
drowned the whole inhabitants, leaving only a
fingle tower s a monument of its devaftations,
Of 25 veflels which lay in the harbour, four
wwere driven a league upon land, and the reft
were fwallowed up by the waves. Of Lima,
which was a very large city, only 27 houfes re~
‘mained flanding. Multitudes of people perithed;
and the difafier was particularly fatal to the

« religious, becaufe their build-
ings were lofty and of more folid materials than
the common houfes. 'This calamity happened
in the month of Oober 1746, during the
night ; and the fuccuffion lafted 15 minutes

Near the port of Pifca, in Peru, there was
formerly a famous city, fituated on the fea-
coalt; but, on the 1gth of October 1682, it
was almoft entirely defiroyed by an carthquake;
for the fea, having exceeded its ufual limits,
fiweeped away this unfortunate city, with all its
inhabitant

By confulting hiftorians and travellers, we
fhall find many accounts of earthquakes, and
eruptions of volcano’s, equally dreadful and
udive as thofe we have mentioned. Pefi-

donius,
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donius, quoted by Strabo %, relates, that a city
of Phoenicia, near Sidon, was fwallowed up
by an earthquake, with the neighbouring ter-
fitory, and two thirds of Sidon itfelf; that this
effett was ot produced fo faddenly as to pre<
vent the inhabitants from efcaping by flight 5
that it extended over moft of Syria, and as far
2s the Cyelades iflands and Euboea, where the
fountains of Arethufa fuddenly ftopped, and ap-
peared a few days afterwards by new fources, at
a confiderable diftance from the old ; and that
the earthquake contiued to fhake the ifland
fometimes in one place, and fometimes in ano=
ther, till the earth opeiied in the valley of Le-
panta, and difeharged a great quantity of burns
ing matter. Pliny informs us T, that, in the
reign of Tiberius, twelve cities in Afia were
overturned ; and he mentions , in the following
terms, 2 prodigy occafioned by a violent earth~

< Fa@um eft femel (quod equidem in
difeiplin voluminibus invent) ingens
terrarum portentum, Lucio Marco, Sex. Ju-
lio Coff. in agro Mutinenfi. Namque mon=
unt, crepitu maxi=

mo adfultantes recedentelque, in

ma, fumoque in cazlum exeunte

[Emilia magna equitum Romano-
rum familiarumque et viatorum multitudine.
Eo concurfu villz ., animalia per-
multa, que intra fuerunt, exanimata {unt,” &e.

* Lib. 1 t Lib.1.
DD
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St. Auguftin tells. us¥, that, in Lybia, 100
towns were deftroyed by an earthquake. In
the time of Trajan, the carth opened and de=
voured the city of Antioch, and a great part of
the adjacent country. It was again deftroyed
by the fame caufe during the reign. of Jullinian
in the year 528, and 40,000 of its inhabitants
perithed. It was vifited with a third earthquake
in the days of St. Gregory, fixty years after the
former, which defiroyed no lefs than 60,000 of
its inhabitants. In the reign of Saladin, ano
1182, mofl of the cities of Syria and of Judea
were laid watte by the fame calamity.  Earth-
es have been more frequent in Apulia dnd

ria than in any other part of Europe. In

dhe time of Pope Pius 1L. all the churches and
palaces of Naples were thrown down, and about
Tives were loft : Thofe who efeaped were
obliged to live in tents till houfes were built for
them. In 1629, 7000 perfons perifhed in Apu-
lia by earthquakes; and, in 1638, the city of
Saint Eupheria v lowed up, and left be-
king lake: At the
sufa and Smyrna were almoft to-

In 1602, an carthquake was

elt in Britain, Holland, Flanders, Germany,
France : It was moft fevere along the coafls

of the fen, and near great rvers. - It agitated at
es, though it lafted but

tally deftroyed.

The commotion was greater in

* Lib. 2. de mir
miraculis, c. 3.
the
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the mountains than in the valleys® On the
1oth of July 1688, there was an earthquake at
Smyrna, which began with a motion from weft
to eaft. 'The caftle was firft overturned; ifs
four walls feparated from each other, and funk
{ix feet in the fea. This caftle ftood formerly
on an ifthmus, which is now a real ifland, about
100 paces from the land. The eaft and weft
walls fell ; but the north and fouth walls ftill re-
main.  The city, which is near 10 miles from
the caftle, was overthrown foon after. The
arth opened in many places, attended with fub-
crraneous noifes ; and five or fix dreadful fhocks
were felt before the approach of night, the laft
of which lafted about half a minute. The
fhips in the roads were greatly agitated; the
ground on which the town ftood funk two feet 3
and not above a fourth of the houfes withftood
the concuffion, and thofe were moftly founded
on rock.  From fifteen to twenty thoufand lives
were loft t. In 1695, an carthquake was felt
at Bologna in Italy ; and it was remarked; as a
ar phaenomenon, that the fea was much
troubled the day preceding f.
¢ On the 4th of May 1614, a terrible earth=
¢ quake happened at Tercera, which, befide
¢ private houfes, overturned eleven churches
¢ and nine chapels in the city of Angra; aml
¢ the city of Praya was fo much fhaken, that
* SeeRay's Difcourfes, p. See PHi. de I'Acad.
des Scicnces, aunée 1658,

¢ hardly
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¢ hardly a houfe was loft flanding: And, on
¢ the 15th of June 1628, the ifland of St. Mi-
¢ chael was vifited with a great earthquake.
¢ Near this ifland, in the open fea, there arofe
¢ a new ifland in a place where the water was
¢ 150 fathoms deep. This ifland was more
¢ than a league and a half long, and above fix
¢ fathoms high*.

< In the ifland of St. Michacl, another carth-
¢ quake began on the 26th of July 1691, and
« continued to the 12th of the following month.
¢ Tercera and Fayal were fhaken next day with
¢ fuch violence, that they feemed to turn about.
¢ Thefe concuffions, however, were repeated
¢ there only four times: But, at St. Michael,
¢ they ceafed not a moment during the fpace
© of eleven days. The iflanders abandoned their
¢ houfes, which every where tumbled down be-
¢ fore their eyes, and remained the whole time
< in the open fields, expoled to the injuries of
¢ the weather, 'The whole town of Villa Fran-
© ca was overturned to the foundation,

¢ of the inhabitants were buried under its ruins,

In feveral places, the plains were clevated into
hills, and, in others, the hills funk down into
valleys. A fountain of frefh water

the ground, and run for four days, and then
fopped all of a fudden. The air and the fea
were in fuch commotion, that they made a

g the bellowings of ferocious
* See Mandelfo's Voyages,
¢ animals,
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< animals. Many people died of fear. There
< was not a veffel in the harbours which was
< not agitated in a dangerous manner; and thofe
¢ which lay at anchor, or were under fiil, at
¢ the diftance of twenty leagucs, were ftill more
< feyerely toffed.  Earthquakes are very fre-
 in the Azores : Twenty years before the
< period mentioned, a mountain in St. Michacl
¢ was overturned by a dreadful earthquake®.
¢ In the month of September 1627, an earth-
¢ quake levelled one of the two mountains of
¢ Manilla, called Carvalos, in the province of
¢ Cagayon. In 1645, a third part of the city
< was deftroyed by a fimilar accident, and 300
« perfons perithed in the ruins.  The following
« year it was vifited by another ; and the old
¢ Indians tell us, that earthquakes are now lefs
¢ deftrudive than formerly but they fill build
« their houfes of wood, in which they are imi~
< tated by the Spaniards.
¢ The number of volcano's in this ifland con-
¢ firms the above relation ; for, at certain inter-
¢ vals, they vomit forth flames, fhake the earth,
and produce all the efies afcribed by Pliny
to the cruptions of Vefuvius, fuch as, chang-
ing the beds of rivers, making the neighbour-
ing parts of the fea retrear, covering the
places adjacent with afhes, projeting fonesto
great diftances, and making. reports louder
than thofe of cannons .’
* Gen. Tl of Voyages, vol. + See Voyage
de Gemelli Careri, p. 129-
“In
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¢ In 1646, an earthquake fplit a mountain in
the ifland of Machian, and the explofion made
a frightful noife. From the cleft iffued fuch
a quantity of flames as confumed feveral plan-
tations with their inhabitants. This prod
gious aperture was to be fecn in the year 1685,
and it probably remains to this day. It was
called the 7hecl-track of Machian, becaufé it
ran from the top to the bottom of the moun-
tain, and, at a diftance, had the appearance of
a high road *.’

The hiftory of the 'rench Academy mentions,
in the following terms, the carthquakes which
happened in Traly during the years 1702 and

They began in O@ober 1702, and
ontinued till July 1703. The city of Norcis,
with its dependencies in the ccclefiaflical flate,

ad the province of Abruzzo, fuffered moft;

d the earthquakes were firlt felt in thofe
¢ places which are fituated at the foct of the
¢ Appennines, on the fouth fide.

¢ They were frequently accompanied with

frightful noifes in the air, and thefe noifes

were fometimes heard when the earth was at

1d the fky ferene. The moft violent

concuffion was on the 2d of February 17033

and it was attended, efpecially at Rome, with
a remarkable clear fky, and a great calmnefs
in the air. At Rome it lafted half a minute,
and at Aquila, the capital of Abruzzo, three

® See IHiR. e Is Conguéie des Moluques, tom. i pr 318,
¢ hours,
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hours. Befide ravaging the neighbourin; coun-
it deftroyed the whole town of Aquila,

try,
500 perfons under its ruinis.

and buried 5
¢ The concuflions, or vibrations, of the earth,
as was difcovered by the motion of the lamps
in the churches, were nearly from fouth to
north.
¢ The carth opened in two places, and dif-
charged, with violence, great quantities of
ftones, which covered a whole field, and ren-
dered it barren, After the flones, thefe aper
tures threw up water above the  clevation
of the higheft trees. This difcharge continued
a quater of an hour, and laid the neighbour-
ing country under water. 'The water was
whitih, like foap-fuds, and had no particular
tafte.
¢ On the top of a mountain near Sigillo, a
village about 22 miles from Aquila, there was
a confide lain furrounded with rocks
+ wall. The enthquake of the 2d of
converted this plain into . large
its greateft diameter being 25
nd its leaft 20, This gulf has been
fbunded. with_ropes of goo fathoms, without
reaching the bottom. At the time that the
&,mf“.\,mmmr flames were obferved to iffie
out of the mountain, and afterwards a_thick
finoke, which continued, with fome interrup-
tions, for three days.

¢ At
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« At Genoa.they Had two, flight coneufTions
¢ of the 1t and 2d days of July 1703, the laft
¢ of which was only felt by the people on the
< Mole, . The foayat the fusae time, fnk 6 feet
i the potty.ad cantined in. this ftuation s
quarter of an ho
¢ The fulphureous water on the road between
Rome and Tivoli funk two fect d a half,
both ia the ba6in and in the canal. The fprings
and rills of water, which rendered many places
of the plain called 7¢fline marthy, were entircly
dried upy The depth of the water in the lake
called £'Enfer was diminithed three feet, [n
i Gt ol prinpa a0, sbouL Sk
diftant, appeared : They are probebly the fame
walters, the courfesiofwhich have beea changed
¢ by the concuffion of the carth*.’ i
The fame earthquake, which, in 1538, form-
ed the Monti de Cinere near Puzzoli, >m|ﬂ| the
Lucrin lake with flones, carth, and afhes, and
conwérted it into a mavih.
¢ Earthquakes, alfo,’ fays Mr. Shaw, ¢ have

fometimes been felt at fea. In the year 1724,
¢ when I was aboard the Gazella, an Algerine
cruifer of 50 guns, bound to Bona to relieve
the garrifon, we felt three prodigious fhocks,
one after another, as if a weight, at each time,
of 20 or 30 ton, had fallen from a great height
upon the ballaft.  This happened when we

 See PHil. de PAcad, des Sciences, anoée 1704
+ See Ray's Difcour Vi
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¢ were five leagues to the fouthward of the Seven
¢ Capes, and could not reach ground with a line
¢ of 200 fathom.  The captain told me, that, a
¢ few years before, when he was upon a cruife,
¢ he felt a much greater one; at the diftance of
¢ 4o leagues to the weftward of the rock of Lif-
¢ bon*.’

Schouten, fpeaking of an earthquake which
happened in the Moluccas, fays, that the moun-
tains were fhaken, and that the veffels at anchor
in 30 or 40 fathom water, were fhocked, as if
they had run afhore, or fruck againft rock
¢ We learn,’ continucs he, ¢ from daily experi=
¢ ence, that the fame happensin the ocean, where
¢ no bottom can be found; and that earth-
¢ quakes agitate veflels, cven when the fea is
¢ perfedlly calm .’

Gentil, in his voyage round the world, has
the following remarks upon earthquakes: © 1.
¢ That, half an hour before the carth begins
¢ 1o fhake, all animals appear to be feized witha
¢ panic. The horfes neigh, break their halters,
¢ and run out of the fiable; the dogs bark ;. the

as if fupid, fly for fhelter into the

the rats and mice come out of their

sles, &e. 2. That fhips at anchor are fo
tly agitared, that all the parts of which

] spofed feem to be torn afunder ;

¢ their guns break loofe, and their mafls fpring:
¢ Thefe fadts I fhould hardly have credited, if




he
¢ know that the bottom of the fea is a cont. :
ea s a continu=
¢ ation of the land ; and that agitations of
< one muft be commaunicated to the other ;

; ;;:’j}ifgfa‘;{Tgn‘i,f‘f.m:‘:\:mi a fluid, thould
2 ner as if ﬂve had
been refting on the ground. Her. motion, 1
¢ imagined, (hould have bledthat
¢ produced by a florm ;. befides, in the prefent
¢ inftance, the furfice of the fea was finooth,
and the whole agitation muft have proceeded
¢ from fome mu.ml caufe, becaufe, at the time
< of the earthquake, was 1o wind, - 5,
¢ Thaty if !hu cavern of the carth which con-
¢ fouth, nml SF the buildi g St vl»o:‘u:
¢ lie in the fame diredtion, the whole houfes are
* overtumed; but, if the vin or cavern runs
acrofs the town, the damage produced by i
¢ carthquake is e
. When a nes voleano breaks out in countres
fibject to earthquat
and are feldom felt, except du o
tions, a5 has been obferved with regard to the
ifland of St. Chriftophers . g
The enormous  ravag i
quakes lmu.\i AR
ome naturalifts to imagine,

, they almoft entirely ceafe,

* See Voyage de M. e Genil, tom.
t See Phil. Tranf, 5
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that mountains, and all the other irregularities
on the furface of the globe, have derived theic
origin from fuccuffions of the earth occafioned by
the action of fubterrancous fires. 'This, for in=
flance, is the opinion of Mr. Ray. He believes
that all the mountains have been formed by
carthquakes, or by the explofions of volcano's,
in the fame manoer as Monti de Cinere in Italy,
the new ifland near Santorini, &c. But he has
not confidered, that the finall clevations formed
by earthquakes, or by the eruptions of volcano's,
are nor, like all other mountains, compofed of

ing into the Mon~

d calcined ftones, afhes, burnt
imice-ftones, all blended
carth-
wd the

horizontal ftr
ti de Cinere,

earth, iron-drofs, p
aheap of rubbith. Befides, if

together lik
quakes and fubterraneous fires had ra
great mountains of the earth, as the Corde
t Taurus, the Alps, &c. the prodigi
requiite to elevate thefe enormous maffes
would, at the fame time, have deftroyed a great
part of the furface of the globe. Earthquak
fuflicient to produce fuch effe@s muft have
been inconceivably violent, fince the greateft
of them recorded in hiftory have not been able
to produce a fingle mountaih. In the reign of
Zalentinian L. for inftance, an earthquake was
felt over the whole known world®, and yet it
raifed not a fingle mountai

Ammisn. Marcellin, lib. xxvi, €. 14,
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It is capable of demonfiration, however, that
though an carthquake fhould have a force fi
cient to raife the higheft mountains, this force
would not be able to difplace the reft of the
globe.

For, let it be fuppofed, that the chain of higl
mountains which traverfe South America from
the_point of Terra Magellanica to New Grana-
da and the Gulf of Darien, had been fuddenly
elevated by an carthquake, and then let us eftie
mate the effe@ of this explofion. ~ This chain of
‘mountains s about 1700 leagues long, and, at
a medium, 40 leagues broad, including the Sic
erres, which are lower than the Andes. This
gives a furfice of 68,000 fuare leagues. The
thicknefs of the matter difplaced by the earth-
quake I fippofe to be one league; ‘or, that the
‘mean height of the mountains from their fammits
to the caverns, which, agrecable to this hypo-
thefis, muft fupport them, is one league. The
force of the explofion, therefore, muft have cle-
vated, to the height of a league, a quantity of
earth equal to 68,000 cubic leagues.  But, dc-
tion and reation being equal, this explofion
muft have communicated an equal quantity of
motion to_ the whole globe. Now, the whole

globe confifts of 12,310,
)

bic leagues.
From this take 68,000, and there re-
mains 12,310,455,801 cublc leagues, of which
the quantity of motion would b I to that of
68,000 clevated
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that the force neceffary to raife 68,000 cubic
Jeagues would not be fufficient to difplace the
whole globe a fingle inch.

“There is no abfolute impoffibility, therefore,
in the fuppofition, that the mountains have been
raifed by earthquakes, were it not evident, both
from their internal firucture and their external
figure, that they have been formed by the ope-
ration of the waters of the ocean. Their inte-
rior parts are compofed of parallel firata, inter-
fperfed with fea-fhells; and their esternal figure
confifts of angles every where correfponding. Is
it credible that this uniform firuture, and regu-
lar figure, could have been produced by fudden
and defultory fuccuffions of the earth?

But, as this notion has been embraced by
fome philofophers, and, as the nature and effeds.
of carthquakes are not well underftood, T fhall
hazard a few ideas, which may, perhaps, throw
fome light upon this intricate fubjec.

The farface of the earth has undergone many
changes. At confiderable depths, we find holes,
caverns, fubterraneous rivulets, and voids, which
fometimes communicate with cach other by
means of chinks and fiffures. There are two

. fpecies of caverns: The firlt are thofe which
have been formed by volcano's and the aétion
of fubterrancous fires. The action of fubterra~
neous fire elevaces, fhakes, and throws off to
diftance the fuperincumbent materials ; at the
fame time, it {plits and deranges thofe on each

-
3 fide
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fide of it, and thus produces caverns, grottos,
and irregular hollows. . But fuch effeéts are on-
ly exhibited in the neighbourhood of volcano’,
and are not fo frequent as the other fpecies o
caverns which are produced by the operation of
water. It has already been remarked, that the
different firata of the earth are all interrupted by
perpendicular fiffures, the origin of which fhall
be afterwards explained.  The waters which fall
upon the furface defcend through thofe fiffures,
collect when their progrefs is prevented by a
firatum of clay, and form fprings and rivulets.
From the nature of water, it fearches for cavities
or fmall vacuities, and has a conftant tendency
to force a paffage, dll it finds a proper vent.
Wherever it goes, it carries along with it fand,
gravel, and other bodies which it is capable of
dividing or diflc In this manner, the
operation of water eds till it forms fubter-
rancous paffages; and then it breaks out in the
form of fountains, cither on the furface of the
carth, or in the bottom of the fea. The mate-
it perpecually c ¢ hollows or
in the bowe , which are

! thefe caverns have a

Thofe oc-
cafioned by the aclion of fubterraneous fires,

and by the (\ﬁh,.’lnn; of voleano’s, are only

¢ at fmall diftances, previous to, or during the
time
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time of eruptions. When the inflammable mat=
ters in the bowels of the earth begin to ferment
and to burn, the fire makes an effort to efeape
in every dire@tion; and if it finds no natural
vents, it forces a paffage, by elevating and throw=
ing off the et
cano's commence, and: their ‘cffedts continue in
proportion to the quantity of inflammable mat=
ter they contain. . When the quantity of in-
flamed matter is inconfiderable, it produces only
an carthquake, and exhibits 0o marks of  vol-
cano: The air gencrated by fubterrancous f
may alfo cfeape through fmall fifures ; nml, in
this cafe, likewife, it will be attended wi
Sonah e bi ol el
But when the quantity of inflamed matter is
great, and when it is confined on all fides by fo~
and compa bodies, an earthquake and a
volcano are the neceflary confequences, All
thefe commotions, however, conflitute only the
firft fpecies of earthquakes, which are ot felt but
in the neighbourhood of the places where they
happen. A violenteruptionof £tna, for example,
will fhake all the ifland of Sicily but it wil
never extend to the diftance of three or four
hundred leagues.  When Vefuvius burlts open
a new mouth, it excites an carthquake in Naples
and in the neighbourhood of the volcano; but
thele earthquakes never fhake
they extend to Erance or other countries diftant
from Vefuvius, Thus, earthquakes produced
VOL. I EE by
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by voleano’s are limited to a finall fpace 5 they
are nothing but effeéts of the reation of the fire,
and they fhake the carth in the fame manner ag
the explofion of a powder-magazine occafions
an agitation to the diftance of feveral leagues.

But there is another fpecies of carthquakes
which are very different in their effects, and per-
haps alfo in their caufe. Thefe carthquakes
are felt at great diftances, and fhake along traét
of ground without the intervention ecither of a
sew volcano, or of eruptions in thofe which al-
ready exift.  There are inftances of carthquakes
which have been felt at the fame time in Britain,
in France, in Germany, and in Hungary. Thefe
carthquakes always extend more in length than
inbreadth. They fhake a zone or belt of carth
with greater or lefs violence in different places;
and they are generally accompanied with a hol-
low noife, like that of a heavy carriage rolling
with rapidity.

As to the caufes of this fpecies of carthquake,
it muft be remarked, that the explofion of all
iuflammable fubftances, like that of gun-powder,
generates a great quantity of air; that this air
s highly rarefied by heat ; and that its cffe@s,
from the compreffion it reccives by being con-
fined in the bowels of the earth, muft be cxceed-
ingly violent. Let us fuppofe, that, at the depth
of 100 or 200 fathoms, there are a vaft collec-
tion of pyrites and fulphureous bodies, and that
they are inflamed by the formentation pro-

5 duced
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duced by the admiffion of water to them or by
other caufes.  What muft be the cffet? In the
firft place, thefe fabflances are ot placed in
horizontal beds, like the ancient firata, which
were formed by the fediments of the waters.
They are lodged, on the contrary, in the
perpendicular fiffures, in fubterrancous caverns,
and other places, to which the water has ac-
cefs.  When inflamed, they generate a valt
quantity of air, the fpring of which, by be-
ing comprefled within a finall fpace, like that of
a cavern, will not fhake the carth immediately
above, but it will fearch for paffages in order to
expand and make its efcape.  Caverns and
channels of fubterrancous rivulets and fprings,
are the only natural paffages for this rarefied air.
Into thefe, therefore, it will rufh with impetuo-
fity, and produce in them a furious wind, the
noife of which will be heard on the furface; and
it will be attended with vibrations or ficcuflions
of the ground. This fubterraneous wind pro-
duced by fire will extend the whole length of
the caverns or channels, and occafion a fhaking,
more or lefs violent, in proportion to its ditance
from the heat, and to the width or narrownefs
of the canals.  But this motion muft neceffarily
run in a longitudinal diretion; and the haking,
of courfe, mult be felt over a long belt of Lround
Tl 5if) however, cannot preduce an lerpHion
or a voleano ;. becaufe it finds fufficient room
for expanding itfelf, and diminifhing its force;
or, rather, becaufe it efeapes through fiffures in
BE2 the
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the form of vapour or of wind. But, although
the exiftence of caverns or channels for the paf-
fage of this rarefied air fhould be denied, itis
eafy to conceive, that in the very place where
the explofion is made, as the earth is elevated to
a confiderable height, the neighbouring places
mauft fplit horizontally in attempting to yicld to
the impulfe communicated by the original mo-
tion; and, in this manner, pafTages may be gra-
dually and fucceffively opened, fo as to commu=
nicate with very diftant places. This explica-
tion correfponds with all the phaznomena. Earth-
quakes are not felt at great diftances at the fame
minute, or even the fame hour. They are not
accompanied with cruptions or external fire;
and the noife almoft conftantly marks the pro-
greflive motion of the fubterrancous wind.
Other fas concur in cftablifhing this theory.
Blafls of wind, and vapours, fometimes of a fuf-
focating nature, it is well known arife from
mines, independent of the motion of the air pro-
duced by the current ter. It is equally
| known, that winds iffue from certain aper-
tures of the carth, from caverns, abyfles, and
deep lakes, as Lake Boleflaw in Bohemia, which

has been formerly mentio
When thefe remarks are confidered, T cannot
omprehend how the mountains hould have
ed from earthquakes, fince the mineral

fulphureous bodies which occafion

are feldom to be met with but in the perpendicu~
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1ar fifures of mountains, and in othercav
the earth, the greateft number of whi
been produced by the operation of water 3 fince
thefe inflammable fubflances produce only a mo-
mentary explofion, and violent winds which fol-
low the channels of fubterrancous waters; fince
the duration 'of earthquakes on the furface of the
earth is o fhort, they muft be occafioned by a
fudden explofion, and not by a continued ¢
ation ; and, Jflly, fince thofe earthquakes,
d, never
the fmalleft emineace throughout their
whole courfe.

Earthquakes, it is true, are more frequent in
the neighbourhood of volcano’s, as in Sicily, and
the environs of Vefuvius: But it appears, from
repeated obfervations, that thefe earthquakes are
very limited, and, confequently, can never form
a chain of mountains.

It has fometimes been remarked, that the

ed from /Etna, after cooling for fe-
veral years, and being afterwards moiftened with
rain, have rekindled, and thrown out flames with
fuch violent explofions, as to occafion fmall
earthquake:

Tn 166, during a violent eruption of Ztna,
which began on the 11th of March, the fummit
of the mountain funk confiderably *; which is
a proof that this volcano proceeds rather from
the fuperior part of the mountain than from

* See Phil. Tranf, Abridg, vol. i. p. 387.
the
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he bottom of it. Borelli, who s of the fame opie
nion, obferves, “That the fire of avolcano proceeds
€ neither from the centre, nor from the bottom of
¢ a mountain, but from the top; and that the in-
¢ fammation never kindles butata finall depth !
Mount Vefuvius has frequently thrown out
during eruptions, great quantities of boiling wae
ter. Mr, Ray, who imagines that the fire of
volcano's comes from a very great depth, fays
that this water proceeds from the fea, which com.
musicates, by fubtenraneous paffages, with the
foot of the mountain.  As a proof, he mentions
the remarkable drynefs of the top of Vefuvius
and the agitition of the fea during eruptions,
which fometimes recedes 10 far as 10 leave the
port of Naples entirely dry. But, fuppofing
thefe facts to be true, they by na means prove
that the fire of volcano's proceeds from a great
depth; for the water they cjectis certainly rain=
water, which penetrates through the fiffures, and
colledts in the cavitics of the mountain. Rills
and fprings iflue from the tops of volcano's, as
well as from other high mountains; and, as the
former are hollow, and have fuffered more con-
cuffions than the latcer, nothing can be more na~
tural than they fhould colle€t water in their ca-
verns, and that thefe waters fhould fometimes
be cjected, along with other fubltances, in the
time of eruptions,  With regard to the motion
of the fea, it arifes folely from the fhock com-
* Borel deincendits Moacis Zxoe,
municated
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municated to the waters by the explofion, which
makes them advance or retire according to dif-
ferent circumftances.

“The moft common fubftances thrown out by
volcano's, are torrents of melted minerals, which
overflow the environs of the mountain. Thefe
sivers of lava extend to great diftances; and, in
cooling, they form beds, ither horizontal or in-
clined, in the fame manner as the ftrata accumu=
lated by fucceffive fediments from water. But
the former are eafily diftinguithable from the
Jatter: 1. Becaufe firata of lava are not every
where equal in thicknefs. 2. Becaufe they con-
tain nothing that has not evidently been cal-
cined, vitrified, or melted. 3. Becaufe their
extent is more limited.  As there is a vaft num-
ber of volcano's in Peru, and as the bottoms of
moft of the Cordeliers are covered with fub-
‘fanceswhich have been thrown out by eruptions,
it is not furprifing that no fea-fhells have been
Sound there ; for they muft have been calcined
and deftroyed by the fire. But I am flill per-

fuaded, that, if the clay ground, which, accord-
ing to M. Bourguet, is the ordinary earth in the
valley of Quito, had been dug, fhells would have
been difcovered there, as well as every where
elfe, efpecially where the ground is not covered,
like the bottoms of the mountains, with matters
ejected from volcano’s.
It has often been afked, Why all volcano's
appear in high mountains only ? I have partly
EE 4 {olved
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folved this queftion in the preceding aticle,
Bus, before finifhing the prefent fubjec, I fhall
avour more fully to explain myfelf,
he peaks or points of mountains were origi-
lly covered with carth and fand, which, &
ter being gradually wathed down to the valley
by the rains, left nothing but thofe bare rocks
led the core of mountains, which,
ikewife fubjected to the aftion of the
weather, fmall and large fragments of them muft
havebeen oceafionally foofened, and, of courfe,
muft have rolled down to th plsins. The rocks
he bafe of the fummit bei
d having loft their original fapport from the
and earth, would eceffarily. give way 4
nd, by feparating from each other, would
I intervals.  But this' yielding of

the lower rocks could not take g

withou
Inthis man-
ner the core of the mountain, from the fummie
tothe bafe of the lower rocks, would *be fplic
into an infinite number of perpendicular fiffures
of different dimenfions. Through
would penctrate, and carry along

rending thofe whichlay above them.

hefe therains
g with them, into
, all the minerals, and
flances which they were capable of

the bowels of the mountain,

watldbe

the thefe bo-
‘ accumuliite in great quantities, and
by r fermentation, w - A Y
¥ entation, would give

1ife to explos
fiong
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fions and other effects of volcano’s. Heaps of
thefe mineral fubftances might likewife exift in
the heart of the mountain, before the rain could
penetrate fo deep. In this cafe, as foon as the
air or rain got accefs to them by means of the
perpendicular fiffures, a conflagration and vol-
cano would inftantly take place. No fuch pha-
nomena can be exhibited in plains; for, as every
thing there is at reft, and nothing can be dif-
placed, it is not furprifing that the exiftence of
volcano’s fhould be confined entirely to the
‘mountains.

When coal-mines are opened, which are com-
monly found in clay-grounds, and"at a great
depth, the mineral fubflances above ‘mentioned
fometimes kindle into flames.  There are exam~
ples in Scotland, Flanders, cc. of coal-mines
which have continued to burn for many years
The admiflion of air is alone fufficient to pro=
duce this cffedt.  But thefe inflammations occa-
fion only flight explofions, and never form vol=
cano’s ; becaufe, in fuch places, all being plain
and folid, the fire cannot be excited to fucha
degree as in burning mountains, which are full
of caverns and cliffs, through:which the air pe~
netrates, and augments the acion of the fire fo
forcibly, as to give rife to the terrible effets we
haye been def
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